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Abstract. Agricultural waste has a very high potential for the biogas yielding process. Using 
the waste has its advantages in the fact that it is a pollutant factor for the environment, it helps the 
sustainible development of the energies reserve and leads to an overall drop in pollution due to low 
emmissions.  
Biogas obtained from animal manure and/or agricultural residue can be used by farmers in the 
purpose of lowering energy costs, in this way they can transform a problem into an opportunity. 
Through the biogas release process, the feeding material is transformed into a nitrogen rich fertilizer 
that can be used for the soil, without other interventions, and so the manure (pork and bird droppings, 
etc.) doesn’t need treatment.  
In this paper the current state of national and international biogas use, new solutions, 
optimization methods, alternative materials and future possible opportunities, different results obtained 
over time. 
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INTRODUCTION 
 
Biogas is the gas product that comes from organic matter digestion. The energetic 
crop’s main attribute is its capacity to multiply biomass, in a relative short amount of time, 
which creates a large proportion of organic matter that can be used in the methane yielding 
process, (Păunescu et al., 2004). 
There are seven main procedures of yielding energy from agricultural organic 
residues: 
- anaerobic digestion at room temperature; 
- anaerobic digestion at high temperatures; 
- thermophilic anaerobic decomposition, destructive distillation; 
- composting; 
- incineration and heat transfer. 
To ensure a high quantity of biogas production numerous researches were established. 
We can draw the conclusion that for a high biogas production, all the factors that influence the 
process must be taken into account, and adjusted according to the feeding material (Păunescu 
et al., 2004). 
 Temperature is a factor that strongly influences biogas production. From the highest 
activity temperature point of view, microorganisms that concur at producing biogas are divided in 
three categories: 
- cryophilic, characterized by an activity that takes place at temperatures between 12 
to 24°C; 
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- mesophilic, the activity takes place at temperatures of 25 to 40°C; 
- thermomophilic, the activity takes place at temperatures of 50 to 60°C. 
 
MATERIALS AND METHODS 
 
Asamkulova et al., (2008), following the analysis of different factors on biogas 
release, discovered that this process is affected in different ways according to the feeding 
material used, and exposure time. 
Alternative energy methods, solar radiation, oceanic waves, wind, biomass and biogas 
have become most popular in the past years. Biogas technologies are widely used in China 
due to old traditions and national promoting programs. Any farm collects a considerable 
manure quantity, vegetable waste, and other types of residue. Organic residues decomposition 
occurs because of the activity of certain types of bacteria, which have a high influence on the 
environment. Thus, the gas quantities created depends largely on temperature: the warmer the 
air, the bigger the rate of material digestion. Because of this, biogas stations are more often 
found in areas with warm climate. Still, with the help of thermal isolation, reactors have 
successfully functioned at temperatures of below -20°C. The feeding material must meet the 
specific requirements: it needs to be a good growing environment for bacteria, to contain 
biodegradable organic matter and a large quantity of water, over 95%. 
The use of vegetable residues and manure is a reliable source for producing biogas. In 
the digestion process, the liquid is separated in three fractions: 
- Upper part, i.e., the crust that is composed of large particles and in time may become 
solid and prevent biogas release. 
- Middle part of the reactor, where the liquid accumulates. 
- Lower part, where the sludge fraction precipitates. 
Bacteria are most active in the middle zone. Therefore the stock in the fermenter 
should be periodically mixed. Mixing can be done by mechanical devices, hydraulic means 
(recirculation under pump action), under the pressure of a pneumatic system, or by various 
self-mixing methods. In anaerobic processing of organic wastes, gas is released intensively at 
first. The intensity for each kind of biomass is different. After some time, the intensity of gas 
release and breakdown of organic matter slowly decrease. Biogas release depends largely on 
the composition of the organic material, the process conditions, and other factors. There are 
two ways to produce biogas: by synthesis of carbonic acid and hydrogen, and by breakdown 
of acetic acid and other organic acids and alcohols. In the course of anaerobic processing of 
the biomass, 70% to 75% of the methane is generated in decomposition of the fatty acids, and 
only 25% to 30% is generated by synthesis of carbonic acid and hydrogen. The methane forming 
bacteria compete with the sulfate reducing bacteria. The processes of hydrogen sulfide and 
methane formation are usually mutually exclusive. In anaerobic reactors, hydrogen sulfide is 
formed in the first stage and methane in the second. The end product of the second stage is 
carbon dioxide (CO2). 
Therefore the biogas produced in anaerobic conversion of the biomass is a mixture of 
gases: methane 60% to 70%, carbon dioxide 30% to 40%, and hydrogen sulfide up to 3%. 
The ratio of the biogas components is determined by the source biomass composition; the 
hydrogen sulfide content entirely depends on the sulfur content in the source substrate. 
 The rectilinear relation between biogas yield and feeding material load is illustrated in 
Fig. 1. This is the graphic dependence of biogas yield on the feeding material load for 
thermophilic and mesophillic regimes. 
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Fig. 1. Dependence of biogas yield on exposure time; G is grass, S is straw, C is cattle dung  
(Asamkulova et al., 2008) 
 
 Researches regarding the biogas yielding potential for energy independence have also 
been established in Romania, to see if there is a possibility for an efficient method to produce 
green energy. The experiment took place at INMA, Bucharest. 
Pirnă et al., (2009) designed a biogas yielding experimental model (Fig. 2), which is a 
copy of the bovine digestive system. The INMA model ensured natural flow of the fermented 
matter from entering the installation to evacuation, while the fermentation processes take 
place with biogas release. 
 Cheap and durable construction materials were used (fiber glass with polyester resins). 
To enhance efficiency of the anaerobic process, high matter humidity and a uniform mix were 
chosen. An agitator was used to ensure the growth of the microbial activity, and thus biogas 
yielding. The matter was grinded through maceration, extruding, pasteurization, etc, to 
enhance the bacteria action surface. pH levels were stabilized at values between 6.7 to 7.5. 
The experiment was established for the development of practical applicability for farmers to 
produce biogas from otherwise un-useful sources, for thermal and electrical energy, but also a 
natural fertilizer for their crops. 
 
 
 
Fig. 2. Experimental model used (Pirnă et al., 2009) 
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Dry anaerobic digestion (15% total solid) - Fig. 3, has an advantage over wet digestion 
because it permits the use of a smaller volume in the reactor, and because it reduces the 
residual water production (Ahn et al., 2008). Also, it produces a fertilizer that is easier to 
transport. The performance of energetic plants and manure mixtures was evaluated under dry 
conditions. Three types of manure were used (pork, cow, poultry) in mixture with switchgrass 
as an energetic plant in 1-L reactors, an ideal mixture for farmers, because they can have the 
material at their disposal. 
Experiments were performed in laboratory using impermeable plastic digestion bags. 
For biogas collecting, a hose for each bag was used. Nine bags were used and filled with 
manure-switchgrass mixtures, sealed and introduced in an incubator at 55oC to maintain 
thermophilic conditions. A levigate sample was collected for analysis before the digestion 
period. The temperatures from the digestion bags were measured with thermocouples. The 
biogas volume produced was measured with a wet tip gasometer connected to each bag. All 
data were collected at one hour cycles with a control and data acquisition program (CR23X, 
Campbell Scientific, USA). 
 
 
 
Fig. 3. Schematic diagram of the dry anaerobic fermenting system 
1 - Incubator, 2 - Anaerobic digestion bags, 3 - Gas Indicator, 4 - Data acquisition. 
(Ahn et al., 2008) 
 
 Three types of animal manure were used (cow, pork, poultry) in combination with 
switchgrass. The grass was grinded until the 2mm granulation was reached. Each reactor was 
inoculated with addition of cow manure from anaerobic digester BARC Dairy Research 
Facility. 
 Pork manure tests have shown a progressive rise of biogas yield starting with the fifth 
day. The maximum level was reached after 11 days (3.8 l/day), and then dropped gradually to 
0.4l/day in the 62nd day. The bovine and poultry manure showed production rises up to 
0.3l/day in the 6th and 8th day, production gradually dropping down to 0 in the 14th day. 
Although a rapid production was observed at the mixture of manure – switch grass in the first 
2 days, there wasn’t that much biogas produced in those 2 days. 
 Recent studies have shown that biogas can also be processed from olive mill waste 
and poultry manure co-fermentation (Gelegenis et al., 2006). A series of laboratory 
experiments (Fig. 4) were conducted in continuous operating reactors, fed with the mixture 
presented earlier at different concentrations. 
 The co-fermentation process is possible without diluting the waste from olive mills or 
adding other chemicals. Biogas production was a bit higher when the olive mill wastes were 
added to poultry manure until a critical concentration (40%, expressed as a contribution to the 
mixture volatile solids), after which production dropped. Results have been checked through 
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analysis of an operating continuous reactor that digests poultry manure, and it has been 
confirmed that there is no negative impact in adding residual water from olive-mills to biogas 
yield until the critical point. 
 
 
 
Fig. 4. Laboratory scale digesters (Gelegenis et al., 2006) 
 
Olive-mill residues have degraded into biogas while co-fermenting with the poultry 
manure under mezophilic conditions in continuous mixing reactors. Dilution or chemical 
addition wasn’t necessary. Although the process started at a low pH level, biodegradation 
worked normally without the necessity of pH control, because of the poultry manure’s high 
alkalinity. Biogas production increased slowly through the rise of olive-mill residues quantity, 
followed by a sudden drop that occurred because stability was broken when olive-mill waste 
addition reached 50%. 
 
RESULTS AND DISCUSSION 
 
The biogas yielding process is a cheap and practical method for farmers in Romania. 
Maintaining a constant temperature inside the reactor was done with solar panel heated water 
(Fig. 5), in order to reduce expenses (Pirnă et al., 2009). 
 
 
 
Fig. 5. Solar panels built to ensuring/increasing the digestion process (Pirnă et al., 2009) 
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 The results of the experiment showed that biogas can be obtained in mixtures of 
agricultural residues and animal manure, which is considered a major boost for farmers, 
because the un-useful, pollutant matter, after the digestion process transforms into biogas and 
fertilizer. 
 Another benefit for farmers was found to be that anaerobic digestion in mixture with 
switch grass is very productive especially in the case of pork manure (Ahn et al., 2008)  
 Fig. 6 shows the biogas production average, all test units indicated a large production 
of biogas for the first 2 days, followed by a dramatic drop from in second to forth day. Initial 
production for the first two days was due to carbohydrate preferential digestion. Degradable 
material dissipation caused temporary biogas production between second and fourth day. 
 
 
Time, days     Time, days 
 
Fig. 6. Pork manure biogas productivity diagram (Ahn et al., 2008) 
 
 The potential of co-fermentation olive-mill water, together with agricultural residues, 
like manure proved to be high (Gelegenis et al., (2007). This was a sustainable and attractive 
method to treat residue waters and converting them from a problem to a useful resource. The 
processed biogas could be used in heat generation and/or electricity, besides this potential, 
there is also the resulting solid and liquid effluent, for use as a fertilizer. They contain 
constituent nutrients (nitrogen, phosphorus, etc) and are a good treatment for soils. 
 
CONCLUSIONS 
 
 Biogas is internationally known as a way for farmers to drop down on energy costs 
and is raising the attention of Romania as well. Through biogas process farmers can enjoy 
higher energy independence and a natural and potent fertilizer for soil. 
 In many experiments, biogas potential was tested, either regarding the material in use, 
type of digestion (wet or dry), or different factors that influence biogas yield. Thus it can be 
said that dry anaerobic digestion has an advantage because it permits the use of a smaller 
volume in the reactor and because it reduces residual water production. This method also 
creates a fertilizer that is easier to transport (Asamkulova et al., 2008). Temperature during 
the digestion process has an important effect on biogas production (Ahn et al., 2008), 
experiments showing that a high biogas yield occurred at temperatures of 50oC. Through 
biogas yielding process problems can be transformed into opportunities, because animal 
manure or waste can be productive both for their biogas yielding properties and for the 
resulted fertilizer. The digestion process has a high biogas yield when pH level and volatile 
fat acids stabilize (Ahn et al., 2008). Worldwide researches are being carried out in order to 
find new materials for use in the process of biogas yield, and also to create new recipes of 
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mixtures (Gelegenis et al., 2007). There is still the need to drop down on expenses regarding 
reactor building materials. Plastic or polyester resins proved to be a practical and efficient 
method (Pirnă et al., 2009).  
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